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Abstract  A series of bowlic cyclotriveratrylenes(CTV) with peripheral groups with different lengths were synthe-
sized. These compounds were investigated by diferential scanning calorimetry and hot stage coupled polarizing mi-
croscopy. Several CTV derivatives show thermotropic liquid crystalline properties. The experimental results of their 
thermotropic liquid crystalline behavior indicate that the clear points, the entropy changes of melting points, the 
crystallization temperatures, and their entropy changes all exhibited an evident odd-even effect except the melting 
points, which decreased monotonously with the increase of the length of the alkoxy groups. The parameter values of 
CTVs with even number carbon atoms were larger than those of CTVs with odd number. When the length of alkoxyl 
chains was even longer, a monotonous decrease occured. Nevertheless, in the case of the entropy changes of both 
melting points and crystallization temperatures, the effect was valid for all the six species, and therefore, the whole 
curves presented as a zig-zag form. 
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1  Introduction 
The bowlic C3-cyclotriveratrylene(CTV) and its 
derivatives have some important properties, such as 
optical activity, chirality[1―3], which have been studied 
in great detail[4]. CTV has been employed extensively 
as a scaffold in supramolecular chemistry[5,6] and the 
metallo-superamolecular assemblies with CTV-based 
ligands have received considerable attention in recent 
years[7―10]. CTV can also form columnar liquid crys-
tals[11], where the rigid cone-shaped units are embed-
ded one another along the column axis, providing a 
further stabilization to this type of mesophase[12]. 
The odd-even effect of melting points(Tm) and 
clear points(Tc) is a well-known behavior for the aro-
matic main chain liquid crystalline polymers with 
flexible spacers with different lengths as side 
chains[13]. CTV derivatives show some features of the 
aromatic main chain liquid crystalline polymers in 
structure. Recently, the liquid crystalline behavior of 
some of them has been described by Lunkwitz et al.[14] 
and Zimmermann et al.[15]. However, the odd-even 
effect on the liquid crystalline behavior of CTV de-
rivatives with alkoxyl groups in the side chains has 
not been reported to date. It is worth studying whether 
the length of the flexible side groups has a profound 
impact on the liquid crystalline properties of this se-
ries of bowl-like(i.e. pyramid-like) liquid crystals. 
2  Experimental 
2.1  Measurements 
1H and 13C NMR spectra were obtained on a Va-
rian Unity NMR(400 MHz) spectrometer with CDCl3 
or DMSO-d6 as solvent and tetramethylsilane as the 
internal reference. Elemental analysis was measured 
on a Vario EL III elemental analyzer. Mass spectra 
were performed on Bruker Dalton Esquire 3000 plus. 
Column chromatographic separations were performed 
over silica gel 300―400 mesh. 
These CTV derivatives were characterized by hot 
stage coupled polarized optical microcsopy(POM, 
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Nikon Eclipse ME600 with Mettler FP90 hot stage) 
and differential scanning calorimetry(DSC, Netzsch 
DSC-204). The heating rate of hot stage was 
10 °C/min from room temperature to the melting point 
and then 1 °C/min from that temperature to 220 °C. 
The cooling rate of the hot stage was 10 °C/min. Both 
the heating and cooling rates of DSC were 10 °C/min. 
2.2  Synthesis 
We completed the synthesis of CTV derivatives 
containing alkoxies with one carbon to four carbons as 
peripheral groups(abbreviated as CTV-I, II, III, IV), 
which started from vanillin, by referring to the review 
article of Canceill et al.[7], as outlined in Scheme 1. 
On the other hand, the CTV derivatives containing 
alkoxies with five carbons and six carbons as peri-
pheral groups(abbreviated as CTV-V, VI) have been 
synthesized via a multistep sequence reaction de-
signed by us, as described in Scheme 2, to avoid the 
difficulties of closing ring reaction. As a result, all the 
CTV derivatives bear two kinds of substituents on 
each benzene ring, one is methoxyl and the other is 





Scheme 1  Structures of CTV series 
I. R1=OCH3, R2=OCH3; II. R1=OCH3, R2=OCH2CH3; III. R1=OCH3, 
R2=O(CH2)2CH3; IV. R1=OCH3, R2=O(CH2)3CH3; V. R1=OCH3, 
R2=O(CH2)4CH3; VI. R1=OCH3, R2=O(CH2)5CH3; VII. R1=OCH3, 









Scheme 2  Synthesis of CTV-I to CTV-VIII 
a. CTV-I: R1=CH3, CTV-II: R=CH2CH3, CTV-III: R=(CH2)2CH3, CTV-IV: R=(CH2)3CH3, CTV-VII: R=CH2CH=CH2. b. CTV-VII; c. CTV-VII: R=H;        
d. CTV-V: R=(CH2)4CH3, CTV-VI: R=(CH2)5CH3. Step 1: Vanillin, K2CO3, and brominated alkanes/olefin in acetone, refluxed overnight; then removed ace-
tone , redissolved the residue in CHCl3, filtered, removed CHCl3, recrystallized from hexane(yield: about 70%). Step 2: benzaldehyde and NaBH4/NaOH/H2O 
in MeOH, r.t. 4 h; then diluted with water, acidified with 5% HCl, washed the resulting precipitate to neutral. Step 3: benzyl alcohol in MeOH, 65% HClO4, r.t. 
overnight. Added water, extracted the organic layer with CH2Cl2 and then washed with aqueous NaOH; washed with water again and column chromatographic 
separation(yield: ca. 30%―40%). Step 4: CTV-VII in ethanol-dioxane, 10% Pd/C and 65% HClO4, 60
 °C(20 h; N2, yield: ca. 60%). Step 5: similar to Step 1.
2.3  Structural Characterization of CTV-I to 
CTV-VIII 
CTV-I: 1H NMR(CDCl3, 400 MHz), δ: 3.54(d, 
3H, J=14.0 Hz, ArHaCHeAr), 3.86(s, 18H, CH3OAr), 
4.75(d, 3H, J=14.0 Hz, ArHaCHeAr), 6.91(s, 6H, 
C6H2); 13C NMR(CDCl3, 100 MHz), δ:  36.5 
(ArCH2Ar), 56.0(CH3OAr), 113.1(ArCH), 131.8 
(ArCCH2), 147.7(ArCO); Elemental anal.(%), calcd. 
for C27H30O6: C 71.98, H 6.71; found: C 71.92, H 6.90; 
MS(ESI+), m/z: 450.5(M+Na+, calcd. 473.5). 
CTV-II: 1H NMR(CDCl3, 400 MHz) , δ: 1.41   
(t, 9H, J=9.2 Hz, CH3), 3.56(d, 3H, J=13.6 Hz,   
ArHaCHeAr), 3.54(s, 9H, CH3OAr), 4.06―4.10(m, 
6H, J=7.2 Hz, CH2OAr), 4.75(d, 3H, J=13.6 Hz,   
ArHaCHeAr), 6.84(s, 3H, ArCH), 6.86(s, 3H, ArCH);   
13C NMR(CDCl3, 100 MHz), δ: 14.9(CH3), 36.5 
(ArCH2Ar), 56.1(CH3OAr), 64.5(CH2OAr), 113.5, 
114.9(ArCH), 131.9(ArCCH2), 146.9, 148.1(ArCO); 
Elemental anal.(%), calcd. for C27H12O3: C 64.27,    
H 7.19; found: C 64.22, H 7.30; MS(ESI+), m/z: 
492.3(M+Na+, calcd. 510.2). 
CTV-III: 1H NMR(CDCl3, 400 MHz), δ: 1.03(t, 
9H, J=7.2 Hz, CH3), 1.82―1.86(m, 6H, CH2CH3), 
3.55(d, 3H, J=14.0 Hz, ArHaCHeAr), 3.85(s, 9H, 
CH3OAr),  3.99―4.01(m, 6H, CH2OAr), 4.77(d,    
3H, J=14.0 Hz, ArHaCHeAr), 6.85(s, 3H, ArCH),  
6.87(s, 3H, ArCH); 13C NMR(CDCl3, 100 MHz),    
δ: 10.5(CH3), 22.5(CH3CH2), 36.5(ArCH2Ar), 56.2 
(CH3OAr), 70.8(CH2OAr), 113.8, 115.1(ArCH), 132.0 
(ArCCH2), 147.2, 148.2(ArCO); Elemental anal.(%), 
calcd. for C33H42O6: C 74.13, H 7.91; found: C 74.06, 
H 7.84; MS(ESI+), m/z: 534.7(M+Na+, calcd. 557.5). 
CTV-IV: 1H NMR(CDCl3, 400 MHz), δ: 0.98(t, 
9H, J=7.2 Hz, CH3), 1.44―1.52(m, 6H, CH2CH3), 
1.82―1.86(m, 6H, CH2CH2OAr), 3.55(d, 3H, J=  
13.6 Hz, ArHaCHeAr), 3.85(s, 9H, CH3OAr), 4.01― 
4.03(m, 6H, CH2OAr), 4.77(d, 3H, J=13.6 Hz,   
ArHaCHeAr), 6.85(s, 3H, ArCH), 6.87(s, 3H, ArCH);   
13C NMR(CDCl3, 100 MHz), δ: 13.8(CH3), 19.3 
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(CH3CH2), 31.3(CH2CH2OAr), 36.5(ArCH2Ar), 56.2 
(CH3OAr), 69.0(CH2OAr), 113.8, 115.1(ArCH), 132.0 
(ArC―CH2), 147.3, 148.2(ArCO); Elemental anal. 
(%), calcd. for C36H48O6: C 74.97, H 8.39; found:   
C 75.06, H 8.54; MS(ESI+), m/z: 576.7(M+Na+, calcd. 
599.8). 
CTV-V: 1H NMR(CDCl3, 400 MHz), δ: 0.95(t, 
J=7.2 Hz, 9H, CH3), 1.38―1.47 [m, 12H, (CH2)2CH3], 
1.82―1.86(m, 6H, CH2CH2OAr,), 3.56(d, J=13.6  
Hz, 3H, ArHaCHeAr), 3.86(s, 9H, CH3OAr), 4.00― 
4.02(m, 6H, CH2OAr), 4.78(d, J=13.6 Hz, 3H,   
ArHaCHeAr), 6.86(1s, 3H, ArCH), 6.88(1s, 3H, 
ArCH); 13C NMR(CDCl3, 100 MHz), δ: 14.1(CH3), 
22.5(CH3CH2), 28.2(CH3CH2CH2), 28.9(CH2CH2- 
OAr), 36.5(ArCH2Ar), 56.2(CH3OAr), 69.2(CH2OAr), 
113.7, 114.9(ArCH), 131.9(ArCCH2), 147.2, 148.1 
(ArCO); Elemental anal.(%), calcd. for C39H54O6:    
C 75.69, H 8.79; found: C 75.72, H 8.90; MS(ESI+), 
m/z: 618.8(M+Na+, calcd. 641.8). 
CTV-VI: 1H NMR(CDCl3, 400 MHz), δ: 0.94(t, 
9H, CH3, J=6.8 Hz), 1.37[m, 12H, (CH2)2], 1.44― 
1.52[m, 6H, CH2(CH2)2OAr], 1.83―1.87(m, 6H,  
CH2CH2OAr), 3.55(d, 3H, J=13.4 Hz, ArHaCHeAr), 
3.87(s, 9H, CH3OAr), 4.03(t, J=7.6 Hz, 6H, CH2OAr), 
4.76(d, 3H, J=13.4 Hz, ArHaCHeAr), 6.87(s, 3H, 
ArCH) , 6.89(s, 3H, ArCH); 13C NMR (CDCl3, 100 
MHz), δ: 14.1(CH3), 22.7(CH3CH2), 25.7 (CH3CH2- 
CH2), 29.2(CH2CH2OAr), 31.6[CH2(CH2)2OAr], 
36.5(ArCH2Ar), 56.2(CH3OAr), 69.3(CH2OAr), 113.7, 
115.0(ArCH), 131.9(ArCCH2), 147.3, 148.1(ArCO); 
Elemental anal.(%), calcd. for C42H60O6: C 76.33, H 
9.15; found: C 76.32, H 9.30; MS(ESI+), m/z: 
660.9(M+Na+, calcd. 684.0). 
CTV-VII: 1H NMR(CDCl3, 400 MHz), δ: 3.52  
(d, J=13.6 Hz, 3H, ArHaCHeAr), 3.86(s, 9H, CH3OAr), 
4.60―4.62(m, 6H, ArOCH2CH=), 4.74(d, J=   
13.6 Hz, 3H, ArHaCHeAr), 5.26―5.30(m, 3H,  
―CH=CH2), 5.38―5.42(m, 3H, =CH2), 6.04― 
6.13(m, 3H, CH2CH=), 6.82(s, 3H, ArCH), 6.88   
(s, 3H, ArCH); 13C NMR(CDCl3, 100 MHz), δ: 
36.5(ArCH2Ar), 56.1(CH3OAr), 70.2(CH2OAr), 113.6, 
115.6(ArCH), 117.5(―CH=CH2), 131.8, 132.3(Ar 
CCH2), 133.7(CH2CH=CH2), 146.7, 148.2(ArCO); 
Elemental anal.(%), calcd. for C33H36O6: C 74.98, H 
6.86; found: C 75.22, H 6.98; MS(ESI+), m/z: 528.6 
(M+Na+, calcd. 551.5). 
CTV-VIII: 1H NMR(DMSO-d6, 400 MHz), δ: 
3.35(d, J=13.6 Hz, 3H, ArHaCHeAr), 3.72(s, 9H, 
CH3OAr), 4.57(d, J=13.6 Hz, 3H, ArHaCHeAr), 5.58(s, 
3H, OH), 6.83(1s, 3H, ArCH), 6.85(1s, 3H, ArCH); 
13C NMR(DMSO-d6, 100 MHz), δ: 35.5 (ArCH2Ar), 
56.4(CH3OAr), 114.4 and 117.1(ArCH), 131.0, 133.0 
(ArCCH2), 145.2, 146.4(ArCO); Elemental anal.(%), 
calcd. for C24H24O6: C 70.57, H 5.92; found: C 70.72, 
H 6.08; MS(ESI+), m/z: 408.4(M+Na+, calcd. 431.3). 
3  Results and Discussion 
3.1  Thermotropic Liquid Crystalline Behavior of 
CTV-II 
All CTV derivatives demonstrated thermotropic 
liquid crystalline behavior investigated by means of 
POM and DSC. Among the six CTVs, the thermo-
tropic liquid crystalline behavior of CTV-II is typical; 
thus, Fig.1 to Fig.4 illustate both the DSC curves and 
the microstructure photographs of CTV-II. CTV-II 
started to melt at 166 °C as shown in the DSC trace of 
Fig.1. Under POM, some droplets first appeared in the 
field, as shown in Fig.1(A). Then, they grew increa-
singly larger, flocked together slowly, and formed 
larger anisotropic domains. These domains turned 
more and more bright and colorful. At about 180 °C, 
the thermotropic liquid crystalline presented the beha-
vior as shown in Fig.1(B). This situation persisted till 
about 200 °C. Above 200 °C, these domains started to 
vanish. Finally, the whole view was black at 208 °C, 










Fig.1  DSC curve of CTV-II and its microstructure 
photographs(insets) under POM at 170 °C(A), 
and 180 °C(B) on the first heating run 
During the first cooling run, some bright and co-
lorful birefringence domains appeared from 196 °C 
(the clear point again). Then, they grew slowly as 
shown in images (A)―(C) of Fig.2. At about 150 °C, 
as shown in Fig.2(D), these anisotropic domains were 
very similar to that at 180 °C on the first heating run. 
However, from 132 °C, a particular phenomenon was 
observed as displayed in Fig.2(E). Firstly, there were 
few cracks on the edges of anisotropic domains, which 
then grew cross over the domains slowly, as shown in 
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Fig.2(E) and (F). After cooling to room temperature, 
the crack lines became regular, the anisotropic do-
mains looked like colorful mosaics, as shown in 





















Fig.2  Microstructure photographs under POM at 
195 °C(A), 180 °C(B), 160 °C(C), 130 °C(D), 
115 °C(E), 85 °C(F), and room tempera-
ture(G) and DSC curve of CTV-II(H) on the 


















Fig.3  Microstructure photographs under POM at 
130 °C(A), 155 °C(B), 175 °C(C), and 
200 °C(D) and DSC curve of CTV-II(E) on 
the second heating run 
In the second heating run, the mosaic-like mor- 
phologies disappeared below the melting point as 
shown in Fig.3, and in the second cooling run, the 
mosaic-like morphologies appeared again above the 
crystallization temperature as shown in Fig.4. We se-
lected the parts that have relatively obvious mosaic 
texture. The results of the second heating and cooling 
cycles further prove the forming mechanism of the 










Fig.4  DSC curve of CTV-  and Ⅱ microstructure 
photographs under POM at 180 °C(A) and 
room temperature(B) on the second cooling 
run  
3.2  The Odd-even Effect on the Liquid Crystal-
line Behavior of These CTV Derivatives Contai- 
ning Six Alkoxies as Peripheral Groups  
The plots of the transition temperatures and the 
related entropy changes against the number of carbon 
atoms in side alkoxyl groups are shown in Fig.5 to 
Fig.9. All of the data came from DSC determination. 
The entropy changes were calculated according to the 
thermodynamics formula: Tm=∆Hm/∆Sm, where, ∆Hm 
is achieved from the area of the DSC peaks. 
From Fig.5 to Fig.7, it can be seen that the mel- 
ting points for the CTVs dropped monotonously with 
the increase of the length of the alkoxy groups,   










Fig.5  Melting transitions and their entropy changes 
of CTV series with different numbers of car-
bon atoms in side R groups on the first hea- 
ting run of DSC 











Fig.6  Crystallization transitions and their entropy 
changes of CTV series with different numbers 
of carbon atoms in side R groups on the first 










Fig.7  Melting transitions and their entropy changes 
of CTV series with different numbers of car-
bon atoms in side R groups on the second 










Fig.8  Crystallization transitions and their entropy 
changes of CTV series with different numbers 
of carbon atoms in side R groups on the 










Fig.9  Clearing points of CTV series with different 
numbers of carbon atoms in R groups on the 
first heating run of DSC 
rings act as a diluent; increase of the length of the 
flexible chains will in turn prevent the regular sta- 
cking of “bowls”, and as a result, reduce the order of 
the structure. However, most of the parameters such as 
the entropy changes of melting points, the crystalliza-
tion temperatures and their entropy changes, and clear 
points all exhibited an evident odd-even effect with 
increasing flexible chains length, as shown in 
Figs.5―9. The parameter values of CTVs with odd 
number carbon atoms were larger than those of CTVs 
with even number carbon atoms. This effect of CTV-I 
to CTV-IV is more obvious. However, when the 
length of alkoxyl chains was even more, a monoto-
nous decrease of the parameter values occured. Nev-
ertheless, in the case of the entropy change of crystal-
lization temperatures, the effect was valid for all the 
six species, therefore, the whole curves presented as a 
zig- zag form. The difference of entropy changes re-
lated to the comformation numbers of the CTVs 
molecules may be the key controlling factor and in-
trinsic nature of the odd-even effect.  
The stuctures of odd carbon CTVs are more 
regular and less chaotic to make columnar packing 
than even carbon CTVs. A special example is CTV-I 
with a very regular structure, which has six methoxyl 
groups distributed symmetrically. 
There were different change rules for the melting 
points and the crystallization temperatures. It indicates 
that the overcooling degree of crystallization also has 
an odd-even effect in the first run or the second run. 
Since the overcooling degree of crystallization de-
pends on nucleating, the nucleation may be another 
controlling factor of the odd-even effect of the crystal-
lization temperatures. 
Some special cases must be mentioned. The 
melting point of CTV-VI on the second heating run 
was not detectable, owing to the difficulty of crystal-
lization for CTV-VI with a large side group. On the 
other hand, the clear points of CTV-I, CTV-V, CTV-VI 
on the second heating run were also not observed, 
maybe the liquid crystal behavior of these compounds 
is monotropic. 
The CTVs can be regarded as the aromatic main 
chain liquid crystalline polymers with different flexi-
ble side-chains. The column-like packed benzene 
rings act as the aromatic main chain, while the six 
alkoxies act as the flexible side-chains. Therefore, it is 
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not surprising that the CTVs have the similar 
odd-even effect as the aromatic main chain liquid 
crystalline polymers. 
4  Conclusions 
All the CTV derivatives except CTV-VI exhi- 
bited thermotropic liquid crystalline behavior. The 
typical texture is mosaic texture. The experimental 
results indicate that both on heating run and cooling 
run, all the detectable transitions including melting 
points and their entropy changes, the crystallization 
temperatures and their entropy changes, and clear 
points exhibited an evident odd-even effect except the 
melting points, which decreased monotonously with 
the increase of the length of the alkoxy groups. The 
parameter values of CTVs with even number carbon 
atoms were larger than those of CTVs with odd num-
ber carbon atoms. This effect is more obvious for 
CTV-I to CTV-IV than CTV-V and CTV-VI. On the 
other hand, this effect is more obvious for the entropy 
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